When compared to available NOy observations, we find that the model consistently underestimates lower stratospheric NO v. This discrepancy is consistent with the model bias toward less negative ozone impact, when cohapared to results from other models. Additional analysis also indicates that for an HSCT assessment it is equally important for a model to accurately represent the lower stratospheric concentrations of ozone and H20. The GMI model yields good agreement in comparisons to ozone data for present-day conditions, while H20 is constrained by climatology as much as possible; thus no further biases would be expected from these comparisons. Uncertainties due to discrepancies in the calculated age of air compared to that derived from measurements, and of the impact of emissions on heterogeneous and polar chemistry, are difficult to evaluate at this point.
Although it is not clear whether the resolution adopted in current 3-D models (as for example, the 4 ø x 5 ø horizontal resolution adopted in this assessment) is sufficiently adequate to describe the above processes, it is clear that adoption of a three-dimensional framework is a prerequisite for improvements in our simulation of these processes. 
The assessment of HSCT impacts on stratospheric ozone is

Design and Goals of the GMI 3-D Core Model
The NASA Atmospheric Effects of Aviation Project (AEAP) Global Modeling Initiative was originally designed to provide a needed 3-D tool for the assessment of the impact of HSCTs and subsonic aircraft. However, the inherent flexibility of this model also gives it wider applicability. The goals in the ongoing design of this assessment tool are as follows: (1) The assessment model should be well-characterized and thoroughly tested against observations. (2) The model should be able to test and compare a diversity of approaches to specific processes by being able to easily swap modules containing different formulations of chemical processes, within a common framework .
(3) The model should be optimized for computational efficiency and be able to run on different platforms. (4) Model results should be examined by a large representation of the scientific community, thus facilitating consensus on the significance of assessment results. (5) Ultimately, the model integration could provide a unique assessment capability for other anthropogenic impacts of concern, by providing a testbed for other algorithms and intercomparisons used in assessments of those issues. The GMI model could thus become a resource that would relieve the intellectual and financial pressure for continued 3-D assessments.
The following elements of the GMI effort address these goals [Rodriguez, 1996] 
GMI Model Evaluation
The "best" meteorological fields selected for this assessment A methodology for semiobjective evaluation of the [see are obtained from a simulated year of performance of different meteorological fields within the GMI the Middle Atmospheric Version of the National Center for model has been described by . That Atmospheric Research (NCAR) Community Climate Model, methodology utilized simulations of N20, CO2, and a seasonal Version 2 (CCM2) (MACCM2)GCM [Boville, 1995] . The top of tracer, in combination with a comparison of the GCM the model is 0.025 hPa (approximately 75 km) with fields temperatures to existing climatologies. The simulations utilized provided on 44 vertical levels. The horizontal resolution is off-line production and losses, when needed. A grading scale was approximately 4 ø latitude and 5 ø longitude. Advection in all three assigned to each parameter, with the consensus of the GMI directions uses a variable-order multidimensional flux form of the Science Team. Since there are no a priori reasons to give more semi-Lagrangian method, an up stream-biased monotonic grid weight to a specific set of simulations, they were all weighted point scheme [Lin and Rood, 1996] . The choice of this scheme' equally. This "grading" provided an important tool for initial was made after comparison of tracer simulations with different evaluation of a given set of fields by tracer simulations, before advection schemes [Kawa et 
HSCT Assessment Scenario
Source Gas Boundary Conditions and Aerosol Surface Area Density
The source gas lower boundary conditions (e.g., N20, CH4, CFCs, HCFCs, and halons) were set and held at constant mole fractions for the duration of the model integrations (i.e., surface fluxes were not assumed). These boundary conditions are shown in Table 1 The GMI 3-D model was integrated for 6 years (from a common 2015 atmosphere initial condition) for both the subsonic only scenario and the HSCT plus subsonic scenario (regarded in this study as the base scenario). We found this integration length was sufficient since the difference in constituent concentrations between years 5 and 6 were of the order of a few percent. 
HSCT Assessment Results
This
Interpretation of Assessment Results
The Finally, it should be stated that this HSCT assessment used a proposed fleet size of 500 aircraft and an El NOx of 5 g/kg fuel.
Future fleets could have a greater number of aircraft (e.g., 1000) and potentially a larger emission index for NO x (e.g., E1 NO x of 5-15 g/kg fuel). Both of these conditions would make the HSCT delta-ozone impact more negative (or less positive). In addition, 2-D model studies have shown that the calculated ozone impact is sensitive to the assumed supersonic cruise altitudes. Thus the ozone impact is expected to be sensitive to the speed and design of any future supersonic transports. Sensitivity studies addressing these issues have been carried out in detail by both Kawa et al., [1999] and IPCC [1999] .
